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Abstract  
Objectives:  The association between snacking habits and overweight is unclear in adolescents. We 
evaluated the relationship between snacking patterns and overweight/obesity in a cohort of 11-13-
year adolescents. Methods: The dietary habits of 400 randomly selected adolescents were evaluated; 
those with BMI ≥ 85th percentile were considered as overweight/obese. Participants were classified 
by percent caloric intake from snacks (<15%, 15-20, >20%), snacking frequency (1, 2, ≥3), and 
timing of consuming the most caloric snack (morning, afternoon, evening). Results: A minority 
(13/400; 3.3%) did not consume any snacks; 5/13 (38.5) of them were overweight/obese. Among 
snackers (387/400), overweight/obesity prevalences were 10.4%,14.4%,20.5% respectively in those 
consuming <15%,15-10%, and >20% of their energy intake from snacks. In a Poisson regression 
model, the overweight/obesity RRs were 1.35 (95%CI 0.58-3.15) and 2.32 (1.10-4.89) for 15-20% 
and >20% calories/day from snacks, respectively. Overweight/obesity prevalence (from 9.6 to 
22.6%) was correlated with snacking frequency (RR=2.20; 0.92-5.27, and RR=4.17; 1.60-10.9, for 
2 and ≥3 snacks/day, respectively). The most caloric snacks were consumed in the morning 
(180/387) and afternoon (179/387); 28.6% of the predominantly evening snackers (28/387) were 
overweight/obese (RR = 3.12; 1.17-8.34). 
Conclusions: Increased snacking calories, frequency and evening snacking are independently 
associated with overweight/obesity in Italian middle-school adolescents. 
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Introduction 
Snacking has become a popular habit among children and teenagers [1]. At the same time, 
overweight and obesity have reached huge proportions, affecting young individuals, particularly in 
Italy, where the childhood obesity is higher than in most European countries [2]. Snacking has been 
often considered one of the main contributors to overweight because of the increased consumption 
of energy-dense, high-sugar, high-fat foods [3-8]. However, other studies failed to establish a 
correlation between snacking and overweight [9-14]. Such variability could be explained by the 
definition variability of “snack” [13]. The term “snack” generally designates a small number of 
items characterized by low nutrient and high energy density (candies, cookies, salty snacks and 
soda, etc). An alternative definition is based on the time criterion, leading to consider snacks all the 
eating occasions between main meals [13]. From a nutritional perspective, varying snacks 
composition with  healthier food variety has proved to be a successful strategy in overweight 
children trying to lose weight [15-16]. According to Drummond, snacking per se may not 
necessarily predispose to overweight, since a higher eating frequency may be favorable in terms of 
body weight control and energy balance, lowering caloric intake when replacing main meals [17]. 
In relation to meal frequency, some authors recognize an inverse relationship between the number 
of eating occasions and the prevalence of overweight [11,14,18-19]. Finally, the time of snacking 
might differently impact on metabolism and energy expenditure, as diet-induced thermogenesis is 
reduced when a test snack is consumed in the evening compared with both morning and afternoon 
[20], and nighttime snacking decreases whole body fat oxidation [21]. This seems to be valuable, 
considering the modern trend of eating less in the morning and more over the day in children and 
adolescents [22]. 
Even if under-reporting in food questionnaires could affect many of these findings, the debate is 
certainly still open, and snacking deserves more research because it could help in developing 
strategies to control or reduce body weight in pediatric subjects.  
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The purpose of this study is to evaluate the relationship between the energy content, frequency, and 
timing of snacking and overweight/obesity in 11-13-year old adolescents 
Subjects and Methods 
Participants 
All the students attending the first year of middle school in Torino (Italy) routinely undergo a health 
status and physical performance assessment by the Sports Medicine Institute (“Bambini a Torino” 
project). In the academic year 2011-2012, 7263 students attended the first year of middle school in 
Torino. Among them, 6876 participated in the assessment with  participation rate of 94.7% 
(6876/7263). 
A week before the assessment, students were administered questionnaires on health status, exercise 
levels, present and past illness, and medications by the school teachers and were asked to have them 
filled out by their parents at home. In 400 students, selected by a simple random sampling, a dietary 
questionnaire was added to the health status questionnaire. The present study was based on these 
400 students.  
Children’s parents or legal representatives signed a consent form for the study participation. The 
study protocol was approved by the local Ethical Committee, and the procedures were in 
compliance with the Helsinki Declaration principles. 
Measurements 
Weight and height were measured in all the participants. Weight was measured to the nearest 0.1 
kg, and height was measured to the nearest 0.1 cm with a stadiometer (SECA model 711, Hamburg, 
Germany), with the participants wearing light clothes and no shoes. Body mass index (BMI) was 
defined as body mass divided by height square (kg/m
2
), and the BMI percentile values were 
obtained from the Italian growth charts, referring to Northern/Central Italy percentiles [23]. 
Subjects who had a BMI  ≥85th percentile were classified as overweight/obese. 
Data relative to the frequency, duration of each session, and intensity of exercise performed by the 
participants outside school were collected by the questionnaires administered to the parents. 
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Exercise was considered as any planned, structured, and repetitive physical activity performed 
outside gymnastics classes performed at school. The mean weekly exercise level was calculated as 
the product of duration and frequency of each activity (in hours/week), weighted by an estimate of 
the metabolic equivalent of the activity (MET), and summed for the activities performed [24]. The 
whole cohort was divided into tertiles of exercise, and individuals were classified as sedentary, 
moderately active, and active. The cut-off points in the whole cohort were respectively 10, 11-29, 
and ≥30 METs h/week, and were similar to those found in another European cohort of adolescents 
[25]. 
Food questionnaires 
The parents of the 400 randomly selected subjects were asked to complete both a validated 24-hour 
food recall questionnaire [26] and a 19-item food-frequency grid with an instruction sheet. In the 
food-recall questionnaire, different serving sizes were specified for each item, using commonly 
used portions; furthermore the use of measuring guides (cups, spoons, glasses) aided respondents in 
estimating the amounts of foods consumed. The temporal pattern of food consumption was 
recorded, as parents were asked to list foods eaten at each meal, including snacks.  
The grid evaluated the mean weekly frequency of consumption of 19 items (such as biscuits, fruit 
juices, soft drinks, fruits, savory snacks, pizzas, crackers, potato chips, popcorn, candies, bread, 
vegetables, cold cut, sweets, milk/yoghurt, etc) and was developed by using a previously validated 
semi-quantitative food-frequency questionnaire [27]. The parents indicated how many times a week 
their child consumed each food included in the list by ticking one of three boxes referring to 
different ranges of consumption frequency, which varied in accordance to the kind of food. The 
data obtained from the grid were separately analyzed and were used to check the data collected by 
the food-recall questionnaire. No missing cases occurred. Out of the 7263 students attending the 
first year of middle school in Torino, 3452 (47.5%) ate in the school cafeteria. Similarly, 184/400 
(46.0%) of our random sample ate at the cafeteria. The parents were given the cafeteria menus, so 
they knew types and portions of the distributed food. 
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During the visit at the Sports Medicine Institute, a skilled dietician interviewed the participants in 
case of uncertain answers or discrepancy between data from the grid and the food-recall 
questionnaire, asking them to indicate how often per day and how many days a week they had 
usually consumed a specific food and its serving size with the aid of sample photos; 155/400 
(38.8%) participants were interviewed. There was no significant difference in 
age, sex distribution, ethnicity, and BMI between the interviewed and non-interviewed participants. 
The food-recall questionnaire data were loaded on the software Win Food Pro 3 (Medimatica, 
Colonnella, Teramo, Italy). The estimated basal metabolic rate (BMR) for 10-18-year old 
individuals was calculated by the following formula in accordance with Schofield [28]: for males, 
BMR = 0.068 weight + 0.574 height + 2.157;  for females, BMR = 0.035 weight + 1.948 height + 
0.837. Then, the estimated energy requirement was calculated by multiplying the BMR by a 
coefficient corresponding to one of the three exercise levels (sedentary, moderately active, and 
active), in line with the Italian and European guidelines [29]. Finally, the reliability of the reported 
energy intake was assessed by calculating the ratio of estimated energy intake to predicted basal 
metabolic rate; subjects with a ratio <0.88 and >2.72 were classified as under-reporters or over-
reporters, respectively [30]: 12 under-reporters and 2 over-reporters were identified. 
Diet quality was evaluated with the simple dietary quality index (SDQI) score, first used in 
Denmark, comparing saturated fats (SFA) and fiber intake to the Danish dietetic recommendations 
[31]. An adjustment in the dietary fiber estimation was needed for our cohort because the Italian 
guidelines recommended 2g/MJ for children/adolescents. For each individual a score was calculated 
for SFA and dietary fiber, and the minimum and maximum scores for each nutrient were 0 and 100, 
respectively. The SDQI score was the mean of the scores for SFA and fiber; the highest was the 
score, the healthier was the diet [31].    
Snacking episodes 
Snacking episodes were defined as eating occasions not included in breakfast, lunch and dinner, in 
accord with the literature [8]. The snacking occasions were reported by the participants’ parents, 
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along with a detailed description of the kind, amount, and time of the snacks. Morning snacking 
was considered as food consumption between breakfast and lunch, afternoon snacking between 
lunch and dinner, and evening snacking after dinner. Most participants consumed snacks in 
different occasions over the day. Individuals were categorized as predominantly morning, 
afternoon, and evening snackers if the highest caloric intake from snacks derived from the morning, 
afternoon, and evening snacks, respectively. Furthermore, analyses were repeated after considering 
snackers those whose daily caloric intake from snacks was ≥15% of the total daily caloric intake 
[13].  
Statistical analysis 
Based on available data [1,6], a sample size of 371 patients had a statistical power of 80% to detect 
a 2-fold higher prevalence of overweight/obesity in individuals consuming ≥3 snacks/day, with a 2-
tailed -value=0.05.  
Normality distribution of data was checked by the Kolmogorov-Smirnov normally test. Exercise 
level, expressed as METs h/week, did not show a normality distribution, and differences among 
groups for this variable were analyzed by the Kruskal-Wallis test. Additionally, values were log-
transformed, thus obtaining a normal distribution, and the log-transformed values were used in the 
regression model (see below).  
The ANOVA and the χ2-test were performed to assess the differences in the continuous and 
categorical variables, respectively. A Poisson regression analysis with robust variance was used to 
estimate the relative risk of prevalent overweight/obesity by energy content, number, and timing of 
consuming the most energy-dense snack, after adjusting for age (continuous variable), sex 
(males=1), exercise levels (log-METs h/week), the SDQI score (continuous variable), and total 
caloric intake (continuous variable). The same analyses were replicated in the subgroup of 
participants who consumed ≥15% of the total daily caloric intake as snacks (n=272).  
Results 
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Table 1 summarizes the characteristics of the whole cohort of adolescents and selected sample 
undergoing the medical assessment. There was no difference between the adolescent cohort as a 
whole and the randomly selected group. 
On average, participants consumed 1.90.7 snacks/day (males: 1.90.8; females: 2.00.7), 
contributing to 18.1% of the daily energy intake. Most frequently consumed snacks were: sweets, 
savory snacks, milk/yogurt, fruit juice, and soft drinks; occasionally fruits, bread, cereals and 
grains; rarely fresh vegetables and cold cut.   
The overall prevalence of overweight/obesity was 16.5% (66/400), and 29.5% of participants 
performed no exercise other than gymnastic class at school. The prevalence of overweight/obesity 
did not differ among individuals who ate at the cafeteria (16.4%) and those who did not (16.6%).  
Participants were divided according to the percentage of daily energy derived from snacks (Table 
2). A low number of subjects (13/400; 3.3%) did not consume any snacks and showed lower total 
caloric intake, lower exercise levels, and a significantly higher prevalence of overweight/obesity. 
Notably, 6 of the 12 under-reporters were found in this category. To avoid the possibility that the 
association between no snacking and BMI may be due to reverse causality (i.e. subjects did not 
consume snacks because they were trying to lose weight), these individuals were excluded, and data 
from 387 participants were analyzed. 
Increasing contribution of snacks to daily energy intake, from <15% to >20%, was associated with a 
significant increase in total caloric intake and a higher prevalence of overweight.  
The number of snacks consumed during the day ranged form 1 to 5. The snack number (Table 3) 
was positively correlated with higher total caloric intake, reduced METs h/week, and increased 
overweight/obesity prevalence, varying from 9.6 to 22.6%. The increased caloric intake, however, 
was characterized by higher fiber and lower SFA intake. 
Participants were also classified according to the timing of consuming the most caloric snack of the 
day (Table 4). In most cases, the morning (mean percentage of the total snack calories =63.9%) and 
the afternoon (64.4% of the snack calories) snacks showed the highest caloric content, while the 
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evening snack (69.3% of the snack calories) was the more calorie-dense in 28/387 cases only. The 
percentage of energy taken at breakfast, lunch, and dinner did not differ among morning, afternoon, 
and evening snackers (data not shown). The evening snackers showed increased fiber intake and a 
better SDQI score, but their overweight prevalence was high (28.6%), and in 39% of these 
individuals the evening snack was the only snack consumed during the day.  Finally, the 
characteristics of the participants were evaluated by overweight/obesity status (Table 5): individuals 
with BMI ≥85th percentile showed significantly higher SFA intake and lower fiber and SDQI score. 
In a Poisson regression model, the variables associated with BMI≥85th percentile were fiber intake 
(RR=0.88; 95%CI 0.83-0.93; p <0.001), SFA intake (RR=1.12; 95%CI 1.04-1.22; p=0.004), and the 
SDQI score, which is a combination of these two variables (RR=0.95; 95%CI 0.93-0.96; p <0.001). 
In the same model, increased snacking calories and frequency and big evening snacks were 
significantly associated with BMI≥85th percentile (Table 6). Analyses were repeated after 
considering only snackers who consumed ≥15% total energy intake as snacks and after excluding 
the 6 under-reporters and the 2 over-reporters; the results did not change. Finally, frequency and 
timing of snacking were analyzed together in the same model, and both of them showed a positive 
association with overweight/obesity (RR=1.73; 95%CI 1.09-2.75; p=0.02 for consuming ≥3 
snacks/day; RR=1.98; 95%CI 1.18-3.33; p=0.01 for consuming the most caloric snack at evening). 
Discussion 
The calories, number and timing of snacks are associated with overweight/obesity, independent 
from diet quality and exercise frequency in a sample of 11-13-year old Italian adolescents.  
 
Snacking is a common habit in adolescents: 97% of our subjects usually consumed at least one 
snack during the day, similarly to previous reports [9,14,32]. Snacks might represent a good source 
of fiber. If fruits and fresh vegetables were daily consumed as snacks, it would be easier to reach the 
recommended nutritional goals [8,32-33]. However, snacks generally fail to improve diet quality 
because they are usually energy-dense and high-carbohydrate foods, despite the fact they have a 
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lower fat content than main meals [8,11,32-33]. In our sample, adolescents with higher snacking 
frequency or quantity showed significantly higher fiber and total energy intake and lower SFA 
intake. Therefore, dietary quality, as evaluated by the SDQI score, was not lower in those who 
consumed the largest amount of calories as snacks (big snackers). 
In our study, the prevalence of overweight/obesity was higher in participants consuming >20% 
calorie from snacks and ≥3 snacks/day, as big snackers introduced more calories and were less 
active. It has been previously reported that usual snackers have higher total energy intake [4,6,8,34]. 
Prospective studies found a direct association between snacking and weight gain risk [3,6-7]. 
Snackers do not compensate for the energy intake excess by reducing caloric intake during the main 
meals [34]. Additionally, extra-eating occasions are thought to lead to excessive caloric intake 
because snacks might not generate extra-signals of satiety [35]. While a few studies found an 
increased vigorous activity in snackers [11,13], our results, consistent with most studies [3,5-6], 
show that those who consumed more or larger snacks were less physically active. Notably, the 
association between snacking and overweight/obesity remained significant after adjusting for 
exercise level and total energy intake.  
Other studies found an inverse [11,14] or no association [10-13,36] between increased snacking and 
BMI or weight gain. To justify these findings, it has been hypothesized that splitting foods in 
multiple eating occasions resulted in reduced caloric intakes at each meal, and that increased eating 
frequency resulted in a reduction of insulin secretion [37].  However, the reference group for most 
studies was represented by those who did not consume any snacks [6,9,11] and had the higher BMI, 
similarly to our no-snacking-group. An explanation could be that overweight/obese individuals 
willing to lose weight avoided snacks or tended to under-report their food intakes, particularly 
snacks. The inverse relationship between BMI and meal frequency was no longer significant after 
excluding adolescents on calorie restriction diet [38]. To avoid the possibility of a systematic bias 
related to the reverse causality between high BMI and no snacking, we excluded from analyses 
individuals who had declared to skip snacks. Furthermore, a study evaluating energy expenditure by 
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whole-body calorimetry and doubly-labeled water tests did not demonstrate metabolic advantages 
of multiple eating occasions [38]. As the epidemiologic evidence of the inverse relationship 
between meal frequency and BMI is considered very weak, new controlled studies are needed [39]. 
Current conflicting findings may be also due to the lack of uniformity in the definition of snack 
[13]. 
Our most compelling result is the association between timing of the large snack and overweight. 
Only a few of our participants had the most caloric snack in the evening after dinner, and they 
showed the highest prevalence of overweight/obesity. It is interesting that a higher snacking 
frequency and the timing of consumption of the largest snacks were both independently associated 
with overweight/obesity in our participants. The actual trend for adolescents is to eat very little in 
the morning and to shift most daily caloric intake late [22]. When consumed in the afternoon or 
evening, food seems to induce a weaker sense of satiety, and larger servings tend to be consumed 
over the day [22]. As a consequence, late intakes are more likely to cause positive energy balance. 
A prospective study showed a significant positive effect of eating later in the day on BMI, 
suggesting a role of circadian variation in energy intake in the development of overweight [40]. 
These associations were confirmed in a large sample of US children [41]. Furthermore, diet-induced 
thermogenesis is reduced after consuming a snack in the evening compared to the morning and 
afternoon consumption; nocturnal insulin resistance or decreased whole body fat oxidation have 
been hypothesized to be responsible for the evening decline of the thermogenic response [20-21]. 
Insulin sensitivity decreases later in the day, and increased levels of free fatty acids and fluctuation 
in hormonal concentrations may be possible contributors to the circadian modulation of insulin 
secretion or action [42]. Additionally, morning gastric emptying may be more rapid than evening 
gastric emptying [43], and circadian variations in satiety hormones, energy expenditure, and genetic 
mutations of the circadian clock genes have been associated with weight gain and metabolic 
abnormalities in humans [44]. Finally, the evening snack could be consumed in front of the TV or 
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PC, a condition associated with a decrease in fruit and vegetables consumption and an increase in 
sweet beverage and energy-dense foods consumption [3,45].   
 
Adolescence is a period of rapid hormonal variations and growth, potentially leading to profound 
nutritional changes; the dietary pattern established during this period generally doesn’t change into 
adulthood, and overweight/obesity during adolescence might increase the risk of adult metabolic 
diseases. Therefore, it is important to define simple nutritional rules to help maintain healthy BMI. 
Defining the most convenient quantity, composition, and time of day of scheduled snacks in diets 
could be an adequate measure to improve adolescent lifestyle.  
Limitations 
There is no consensus on what constitutes a snack; our definition was based on a temporal criterion 
as most studies [8,11,32-33]. Indeed, adolescents in our age-range are yet conditioned by their 
parents in their time of eating. The food-based classification systems may be misleading, since 
many adolescents consumed sweets, fruit juice, and soft drinks as a part of their meals, and there are 
no foods/drinks consumed exclusively as snacks. Results did not change after considering as 
snackers subjects who consumed ≥15% of total energy intake as snacks. This is an observational 
study, and the possibility of residual confounding cannot be excluded. A 24h dietary recall may be 
inadequate to evaluate the individual usual eating pattern. However, it is usually employed for 
characterizing habits in groups of individuals [46], also in adolescents [4, 47-48]. Furthermore, we 
used the frequency grid as a help to check the plausibility of answers, and the participants 
themselves were interviewed by an experienced dietician in case of uncertain answers. In all of 
these cases, no considerable discrepancy was found between the measures reported by the parents 
and the interviewed participants.  
We tried to check the accuracy of reporting and analyzed data after excluding under- and over-
reporters. Nevertheless, we could not exclude that these individuals were accurately reporting their 
caloric intake (e.g. they were overweight and may be trying to lose weight). The prevalence of 
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overweight/obesity did not differ among individuals who ate at the cafeteria and those who did not; 
most of our participants were younger than 13 years (354/400), and the Centers for Disease Control 
and Prevention (CDC) has recently reported that purchasing sodas and snacks at school is much 
more frequent in individuals older than 12 years (3-fold higher in 13-15 years and 4-fold higher in 
16-18 years) [49]. Finally, the comparability of the dietary intakes with the data from national 
surveys [50] and the strong inverse association between the SDQI score and overweight argued in 
favor of our data reliability. The study lacked statistical power to analyze the association between 
the kind of snacks consumed and overweight/obesity; furthermore, CI coefficients were quite large, 
indicating that there was variability in the association between snacking and weight status. 
Moreover, the majority of children who ate ≥3 snacks or evening snacks were not overweight/obese 
thus suggesting that other protective factors (genetic, environmental, hormonal, etc.) need to be 
studied. Nevertheless, we think that our results on this controversial matter might be useful, and are 
worthy to be tested in larger studies.  
The strengths of this study were the measurement of all the anthopometric variables by two trained 
researchers, as opposed to self-reported measures, and the finding that participants in the study were 
similar to all the adolescents living in Torino with the same age-range. 
Conclusions 
Snacking patterns are associated with overweight/obesity in adolescents. Circadian variation in 
energy intakes from snacks could be a modifiable factor worthy to be tested in obesity prevention or 
interventional trials.  
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Table 1. Characteristics of the sample analyzed and of the whole cohort 
 Sample studied Cohort 
Number 400 6876 
Age (years) 12.10.5 11.70.7 
Males (%) 52.0 52.5 
Ethnicity (%)   
Caucasian 94.1 93.9 
African 2.3 2.3 
Asian 1.5 1.4 
Hispanic 2.3 2.5 
Metabolic equivalent of activity (METs 
h/week) 
18.0 (31.5) 18.5 (32.0) 
Weight (kg) 45.511.2 44.711.1 
Height (m) 1.500.1 1.490.1 
BMI (kg/m
2
) 20.04.1 19.9 3.9 
Mean SD (all such values); median (inter-quartile range) (all such values) 
BMI=body mass index 
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Table 2. Characteristics of the participants by percentage of daily energy intake from snacks 
 0 <15% 15-20% >20% 
Number 13 115 111 161 
Age (years) 12.00.4 12.20.5 12.10.5 12.00.6 
Males (%) 61.5 49.6 54.1 51.6 
Metabolic 
equivalent of 
activity* (METs 
h/week) 
17.0 (38.0) 18.0 (29.0)  22.0 (42.0) 16.0 (27.0) 
Weight (kg) 47.811.3 45.611.4 45.110.0 45.612.1 
Height (m) 1.500.1 1.510.1 1.500.1 1.500.1 
BMI (kg/m
2
) 21.14.0 19.83.9 19.93.4 19.94.3 
BMI percentile* 53.0 (56.0) 40.0 (44.0) 40.0 (62.0) 47.0 (62.0) 
BMI≥85th 
percentile(%) 
38.5 10.4 14.4 20.5 
Total Kcal 1866.6424.9 1943.3347.9 1961.8481.7 2104.6461.7# 
HC(% cal) 51.116.2 51.315.8 51.013.8 50.713.4 
Fat (% cal) 35.110.1 35.410.7 36.010.1 36.09.6 
SFA (% cal) 10.93.0 11.03.0 10.93.7 10.53.0 
Protein(% cal) 13.83.7 13.33.8 13.04.0 13.43.9 
Fiber(g/day) 13.34.0 16.26.6 15.96.0 15.85.6 
SDQI score 71.414.7 74.213.7 73.015.2 73.814.2 
Mean SD (all such values); median (inter-quartile range) (all such values); BMI=body mass index; BP=blood pressure; 
HC=carbohydrates; SFA= saturated fatty acids; SDQI= simple dietary quality index; *Kruskal-Wallis analysis; #p<0.01 
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Table 3. Characteristics of the participants by number of snacks consumed per day 
 1 2 ≥3 
Number 83 220 84 
Age (years) 12.10.4 12.10.5 12.10.7 
Males (%) 54.2 50.5 52.4 
Metabolic equivalent 
of activity* (METs 
h/week) 
21.0 (33.0) 20.0 (34.0) 15.0 (23.0)§ 
Weight (kg) 43.410.7 45.910.9 46.312.7 
Height (m) 1.500.1 1.510.1 1.500.1 
BMI (kg/m
2
) 19.13.7 20.13.8 20.45.0 
BMI percentile* 26.0 (39.0) 49.5 (60.0) 54.5 (64.5)# 
BMI≥85th 
percentile(%) 
9.6 15.5 22.6 
Total kcal 1851.7397.8 1978.6391.1 2274.9502.7§ 
HC (% cal) 51.013.8 51.114.8 51.315.2 
Fat (% cal) 36.010.4 35.810.0 35.510.2 
SFA (%/cal) 11.33.5 10.83.3 10.12.2# 
Protein (% cal) 13.03.8 13.14.0 13.23.9 
Fibre (g/day) 14.35.2 16.36.3 16.65.6# 
SDQI score 70.913.9 74.315.5 74.911.1 
Mean SD (all such values); median (inter-quartile range) (all such values); BMI=body mass index; BP=blood pressure; 
HC=carbohydrates; SFA= saturated fatty acids; SDQI= simple dietary quality index; *Kruskal-Wallis analysis; §p<0.05; #p<0.01 
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Table 4. Characteristics of the participants by the timing of consuming the most energy-dense 
snack 
 Morning snack Afternoon snack Evening snack 
Number 180 179 28 
Age (years) 12.10.4 12.10.6 12.20.7 
Males (%) 55.0 48.6 50.0 
Metabolic equivalent of 
activity* (METs h/week) 
16.0 (35.5) 18.0 (31.0) 19.0 (26.0) 
Number snacks/day    
1 15.6 24.6 39.3 
≥2 84.4 75.4 60.7# 
Weight (kg) 45.711.0 44.911.2 47.213.1 
Height (m) 1.510.1 1.500.1 1.490.1 
BMI (kg/m
2
) 19.93.9 19.84.0 21.25.6 
BMI percentile* 32.5 (59.0) 45.0 (59.0) 50.0 (57.5)§ 
BMI≥85th percentile (%)  13.3 16.2 28.6 
Total kcal 1990.8443.5 2028.7446.9 2092.5411.0 
HC (% cal) 51.415.7 51.013.4 51.615.1 
Fat (% cal) 35.310.8 35.99.8 35.210.3 
SFA (% cal) 10.93.4 10.63.0 10.42.6 
Protein (% cal) 13.33.8 13.13.6 13.23.8 
Fiber (g/day) 15.15.9 16.96.3 16.03.8# 
SDQI score 71.615.2 75.513.7 75.310.8# 
Mean SD (all such values); median (inter-quartile range) (all such values); BMI=body mass index; BP=blood pressure; 
HC=carbohydrates; SFA= saturated fatty acids; SDQI= simple dietary quality index; *Kruskal-Wallis analysis; §p<0.05; #p<0.01 
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Table 5. Characteristics of the participants by BMI percentiles 
 BMI≥85th percentile BMI<85th percentile 
Number 61 326 
Age (years) 12.10.6 12.10.5 
Males (%) 57.4 50.6 
Metabolic equivalent of activity* 
(METs h/week) 
15.0 (34.0) 18.0 (31.0) 
Weight (kg) 62.49.1 42.38.4# 
Height (m) 1.520.1 1.500.1 
BMI (kg/m
2
) 27.12.9 18.62.6# 
BMI percentile* 95.0 (10.0) 28.0 (47.0)# 
Predicted Kcal 2036.2387.4 1971.5304.0 
Total Kcal 2015.7532.5 2015.3424.7 
HC(% cal) 50.914.2 51.314.5 
Fat (% cal) 36.010.1 35.510.2 
SFA (% cal) 11.83.9 10.52.9# 
Protein(% cal) 13.43.7 13.33.8 
Fiber (g/day) 13.04.1 16.56.1# 
SDQI score 63.815.4 75.513.4# 
Mean SD (all such values); median (inter-quartile range) (all such values); BMI=body mass index; BP=blood pressure; 
HC=carbohydrates; SFA= saturated fatty acids; SDQI= simple dietary quality index; *Kruskal-Wallis analysis; §p<0.05; #p<0.01 
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Table 6. Association between BMI≥85th percentile and the energy content, number, and 
timing of consuming the most energy-dense snack in a Poisson regression analysis  
 RR 95% CI P 
% energy intake from snacks*     
15-20% 1.35 0.58 3.15 0.49 
>20% 2.32 1.10 4.89 0.03 
Males 1.26 0.70 2.29 0.44 
SDQI score 0.95 0.93 0.96 <0.001 
Metabolic equivalent of activity**  0.88 0.66 1.17 0.36 
Number of snacks***     
2 2.20 0.92 5.27 0.08 
≥3 4.17 1.60 10.9 0.004 
Males 1.28 0.70 2.32 0.42 
SDQI score 0.94 0.92 0.96 <0.001 
Metabolic equivalent of activity**  0.89 0.67 1.19 0.44 
Timing of the most energy-dense snack****     
Afternoon 1.08 0.57 2.03 0.82 
Evening 3.12 1.17 8.34 0.02 
Males 1.30 0.72 2.35 0.39 
SDQI score 0.94 0.92 0.96 <0.001 
Metabolic equivalent of activity** 0.89 0.67 1.18 0.42 
SDQI=simple dietary quality index 
*the controls were individuals consuming <15% daily energy from snacks 
** Metabolic equivalent of activity (METs h/week) were log-transformed to obtain a normal 
distribution 
***the controls were individuals consuming 1 snack 
****the controls were individuals consuming the most energy-dense snack in the morning 
All analyses were adjusted for age and total caloric intake. 
 
